Colon cancer is one of the most prevalent and deadly cancers worldwide. It is still necessary to further define the mechanisms and explore therapeutic targets of colon cancer. Dysregulation of long noncoding RNAs ( lncRNAs) has been shown to be correlated with diverse biological processes, including tumorigenesis. This study aimed to characterize the biological mechanism of taurine-upregulated gene 1 (TUG1) in colon cancer.
Background
Colon cancer is the third most common type of cancer, with approximately 1 million new cases each year world-wide, and is the second most frequent cause of cancer-related deaths worldwide [1] . Radio-and chemotherapy are the primary treatment in both resectable and advanced colon cancer [2, 3] . Colon cancer transformation from the normal colonic mucosa arises through a progressive accumulation of genetic changes [4] . Therefore, the mechanisms of genetic changes and signaling pathways related to formation and development of colon cancer have been further studied.
Long noncoding RNAs (LncRNAs) is a transcribed RNA molecule greater than 200 nt in length and show complex overlapping patterns of expression and regulation. LncRNAs regulate gene expression at the epigenetic level, transcriptional level, and post-transcriptional level and are widely involved in the physiological and pathological process of human disease [5] . LncRNAs and their roles in colon cancer development have attracted much attention. Some of them, including ATB, CCAT1, and HOTAIR, have been reported to be involved in the initiation and progression of colon cancer and to modulate the biological properties of cancer cells [6] [7] [8] [9] .
Recently, LncRNA TUG1 has been reported to be up-regulated in osteosarcoma via regulation of transcription variants n37730 [10] . Another study demonstrated that TUG1 is up-regulated in hepatocellular carcinoma and promotes cell growth by epigenetically silencing KLF2 [11] . These studies show that TUG1 may be an important regulatory gene in cancer. However, the role of TUG1 in colon cancer remains unknown.
In this study, we investigated the function of TUG1 in colon cancer tumorigenesis and found that the expression of TUG1 was significantly higher in colon cancer tissues compared with the matched adjacent non-tumor tissue, and p63 expression was lower in the tumor tissue. Silenced p63 in HCT-116 or LoVo significantly increased the expression of TUG1. Furthermore, down-regulation of TUG1 by siRNA significantly inhibited the cell proliferation and promoted colon cancer cell apoptosis. In addition, inhibition of TUG1 expression significantly blocked cell migration ability of colon cancer cells. Overall, the results presented here indicate that LncRNA TUG1 may serve as a potential oncogene for colon cancer.
Material and Methods

Patients and tissue samples
The original research was approved by the Medical Ethics Committee of our hospital and every patient provided written informed consent. A total of 75 colon cancer patients undergoing surgery for colon cancer were included from Yantai Yuhuangding Hospital (China) since January 2011 in this study. The study protocol was approved by the Institutional Ethics Committee [no. (2010)152]. Tumor specimens and corresponding adjacent normal tissues were collected and stored in liquid nitrogen until use. The characteristics of subjects enrolled in the study are shown in Table 1 .
Cell culture
The human colon cancer cell lines HCT-116 and LoVo were purchased from the Cell Bank of the Institute of Biochemistry and Cell Biology, China Academy of Sciences (Shanghai, China). The cells were maintained in DMEM/F-12 (1:1) medium (HyClone, USA) containing 10% fetal bovine serum (FBS, Gibco, Carlsbad, USA) at 37°C in humidified air containing 5% CO 2 . 
SiRNA transfection
Small interfering RNA that targeted TUG1-RNA (TUG1-siRNA) and p63-RNA (p63-siRNA) and a scrambled negative control (Scrambled-siRNA) were generously provided by the RiboBio Company (Guangzhou, China). Human colon cancer cells HCT-116 and LoVo were transfected with either 50 nM siRNA or Scrambled-siRNA for 24 h using Lipofectamine 2000 transfection reagent according to the manufacturer's protocol (Life Technologies).
RNA extraction and quantitative real-time PCR assay
Total RNA was isolated from tissues using TRIZOL reagent (Invitrogen) according to the manufacturer's protocol. RNA was reverse transcribed into cDNA using a reverse transcriptase kit (Takara, Dalian, China). The PCR amplification was performed for 40 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s, on a ABI 7500 fast realtime PCR system (Applied Biosystems) with SYBR Green Real-time PCR Master Mix (Takara, Dalian, China). The expression level of each sample was internally normalized against that of the GAPDH. The relative quantitative value was expressed by the 2 -DDCt method. Each experiment was performed in triplicate.
Cell proliferation assay
The CCK-8 assay kit (Dojindo; Japan) was used to determine the proliferation of HCT-116 and LoVo cells. In each 96-well plate, the cells (1×10 3 /well) were seeded and cultured for 12 h, then transfected with Scrambled-siRNA or TUG1-siRNA for 24 h, and further incubated for 24, 48, and 72 h. At each time point, 10 μL CCK-8 reagents were added to each well, the plate was re-incubated for 2 h, and the absorbance at 450 nm was subsequently detected. Each sample was tested in triplicate and all experiments were performed 3 times.
Cell apoptosis assay
Cells were cultured and transfected with TUG1-siRNA or ScrambledsiRNA for 48 h, as described above. Cells were harvested and washed twice with ice-cold phosphate-buffered saline (PBS) and then stained using the Annexin V-FITC Apoptosis Detection Kit (BD, San Jose, USA) according to the manufacturer's instructions. Cells were then analyzed by using a flow cytometer (BD FACS Calibur, Becton, Dickinson and Company Biosciences, San Jose, USA).
Cell migration analysis
Cell migration ability assessment was performed using Transwell polycarbonate membrane inserts (Millipore, Schwalbach, Germany). The cells ( 1×10 5 ) were plated onto an insert and 20% FBS was added to the cell-free medium in the lower chamber. After incubation 24 h at 37°C, the inserts were washed in PBS, and the cells were fixed to the membranes with 4% paraformaldehyde, then stained with Hoechst (10 μg/ml). The migrated cells were counted per high-power field.
Statistical analysis
Data are presented as mean ±SD. Graphs were drawn using GraphPad Prism Software. Data were analyzed using a one-way analysis of variance (ANOVA) followed by the t test. For all statistical analyses, P<0.05 was considered statistically significant.
Results
LncRNA TUG1 was significantly up-regulated in colon cancer tissues
To assess the changes of LncRNA TUG1 and p63 expression in cases of colon cancer, the expression of TUG1 and p63 was examined in 75 tissue specimens. As shown in Figure 1A , the expression level of TUG1 was significantly higher in the primary tumor tissue of patients than in matched non-tumor tissue, while p63 expression was lower in the tumor tissue ( Figure 1B) . The results suggest a connection between TUG1expression and colon cancer. Based on this expression pattern, we therefore used HCT-116 and LoVo cells for the next studies.
Interference of p63 up-regulated the expression of LncRNA TUG1 in colon cancer cells
Further investigation in cell lines was carried out. P63-siRNA was used to influence the expression of p63 in HCT-116 and LoVo. As Figure 2A , 2B show, p63-siRNA significantly decreased the mRNA level of p63 in HCT-116 and LoVo. The mRNA level of TUG1 was significantly increased in HCT-116 after transfection with p63-siRNA ( Figure 2C ). Similarly, after transfection with p63-siRNA, the expression of TUG1 was also remarkably increased in LoVo cells ( Figure 2D ).
Down-regulation of TUG1 inhibited cell proliferation and promoted cell apoptosis of colon cancer cell lines
To further confirm the functional roles of TUG1, we then examined the effect of TUG1 on cell proliferation and cell apoptosis. CCK-8 assay showed that transfection with TUG1-siRNA significantly inhibited HCT-116 cell proliferation, as well as LoVo, at 48 h and 72h compared to Scrambled-siRNA ( Figure 3A, 3B) . Additionally, flow cytometry analysis showed that down-regulation of TUG1 in both HCT-116 and LoVo cells promoted cell apoptosis, but not in the control group ( Figure 3C, 3D ).
Down-regulation of TUG1 inhibited colon cancer cell lines migration ability
The number of migration HCT-116 cells in transwell assays was significantly decreased after transfection with TUG1-siRNA ( Figure 4A ). Similarly, after transfecting TUG1-siRNA, the number of migrating cells was also obviously reduced in LoVo cells ( Figure 4B ). 
Discussion
Colon cancer is the most commonly diagnosed cancer in males and females, with millions new cancer cases and deaths estimated to have occurred [12] [13] [14] . Despite improvements in cancer diagnosis and therapy, many patients are still diagnosed at the late stages of the disease. Research on candidate differentially expressed genes may help to find biological markers for the evaluation of cancer diagnosis and offer novel molecular targets for anticancer therapy [15] .
A large number of LncRNAs are confirmed to play critical roles in carcinogenesis and participate in many diseases [16, 17] . Recently, some LncRNAs were reported to be involved in colon cancer, such as ZFAS1 [18] , UCA1 [19] , and CCAT1 [20] . In this study, we found that the expression of LncRNA TUG1 was significantly higher in colon cancer tissues compared with the matched adjacent non-tumor tissue. This outcome indicates that TUG1 might be involved in the progression of colon cancer.
A great number of lncRNAs work via binding to polycomb repressive complex 2 (PRC2), including TUG1 [21] . TUG1 has multiple transcription factors, among which, p63 has drawn our attention. P63 is the oldest member of the p53 gene family. P63 regulate many p53 target genes due to their common structural features [22] . However, p63 has its own role, and several studies have reported that p63 is an independent predictor of poor outcome in gastric cancer patients [23] . The involvement of P63 in the differential diagnosis of acinic cell carcinoma versus mucoepidermoid carcinoma is also being researched currently [24] . Here, we found the expression of p63 was lower in tumor tissue. Silencing of p63 in HCT-116 or LoVo significantly increased the expression of TUG1. Therefore, we concluded that p63 is a regulation gene of TUG1.
LncRNAs can act as oncogenes or tumor suppressors and are involved in numerous cellular processes, playing roles in tumor progression by regulating cell differentiation, cell proliferation, and cell cycle [25] [26] [27] . TUG1 was also shown to have a cancerous function in several human tumors, such as urothelial carcinoma [28] , osteosarcoma [10] , and melanoma [29] . However, the role of TUG1 in colon cancer development and metastasis remains unknown. In our study, we found that down-regulation of TUG1 by siRNA significantly inhibited the 
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cell proliferation in both HCT-116 and LoVo. In addition, downregulation of TUG1 markedly increased apoptosis in HCT-116 and LoVo. These data suggest that interference in the expression of TUG1 may contribute to the growth and apoptosis of colon cancer cells and consequently promote the development of colon cancer. We also tested the migration capability of HCT-116 and LoVo after being transfected with TUG1-siRNA. We found that inhibition of TUG1 expression significantly blocked cell migration ability of colon cancer cells. This result indicates that the aberrant increasing level of TUG1 may promote cell migration. Thus, we confirmed that TUG1 may be a tumor oncogene in colon cancer. 
Conclusions
Our findings further the understanding of colon cancer pathogenesis, and facilitate the development of lncRNA TUG1-directed diagnostics and therapeutics against colon cancer.
